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Abstract.  For a very long time, probiotics have been selected on the basis of their suitability to food’s environment 
and technological procedures, as well as survival ability in vitro and also in vivo. These criteria are still used. The aim 
of this study was to select, using the Plakett–Burman design of experiments model, of three significant 
factors, which influence the multiplication ability and viability of probiotic strains Lactobacillus 
acidophilus (commercial code LA-5®) and Lactobacillus casei subsp. paracasei (commercial code L. 
casei 431®) in fermented mesophilic milk product (commercial named Sana) obtained by fermentation 
with a multiple culture with mesophilic lactic starter Flora Danica Chr. Hansen commercial starters 
(Lactococcus lactis subsp. cremoris, Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. 
diacetylactis and Leuconostoc mesenteroides subsp. cremoris). By statistical analysis the most 
important factors (independent variables)  with influence on the probiotic bacteria were selected for 
the optimized. These are the temperature of fermentation; the ratio between probiotic strains and Flora 
Danica and the addition of prebiotic Fagopyrum esculentum flour. In the future experiments the 
optimum values of these parameters will be optimized by using response surface methodology, in 
order to establish the conditions in which can be obtain the mesophilic fermented milk products with 
probiotic action in vivo. 
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INTRODUCTION 
 
In last years, at global level we observed an increased in consumption of fermented 
milks, in special fermented milk products with probiotics (Charvalh et al., 2004). Probiotics 
are defined as viable microorganisms which presents a beneficial effect on the health 
condition of consumer, through the improving of his intestinal microbial balance 
(Arunachalam, 2000; Galdeano and Perdigón, 2006; Sandholm et al., 2002). The addition of 
probiotics in fermented dairy products is realized not only as a consequence of beneficial 
effects on consumers’ health, but also for the extension of the probiotic products range 
(Gilliland, 1989).  Symbiotic, o combination of probiotics with prebiotics could induce 
supplementary positive effects on consumer’s health (Katharina et al., 2007; Luo et al., 2011). 
In this way the development of new synbiotic dairy products by combine probiotics with 
prebiotics leads to improve the quality and functionality of the fermented dairy products.  
Buckwheat flour is a rich source of a special type of starch with dietary lipids and 
contains many valuable compounds, such as proteins with a low content of α-gliadin fraction, 
antioxidative substances trace elements and dietary fibre Proteins content in buckwheat flour 
has been reported to range from 8.5 to 18.9%, depending on the variety. Buckwheat proteins 
have a high biological value due to well-balanced amino-acids composition (Wronkowska et 
al., 2008). 
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The statistic methodology for selection of important factors in a process represents a 
powerful and useful instrument in fast identification of key factors from a system with multi-
variables. One of these methods is the Plackett-Burman design pattern. This technique can not 
detect the optimum level of the factors, but could offer indications and trends regarding the 
effect of each factor in a small number of experiments. 
The bi-factorial Plackett-Burman model permits the screening of the significant 
factors from a number of variables in the process, and this model is useful in the preliminary 
studies in which the main objective is to select variables which could be fixed or eliminated 
during the further process optimization (Cruz, 2010). 
The relative importance of each of these factors in the variation of considered 
answers is evaluated by making a design of experiments of first order, with the purpose to 
highlight the most important factors, based on statistical analysis. The insignificant factors are 
then eliminated from the initial factors series and a new design of experiments which 
considers only the significant factors could be executed, this time by considering a more 
precise respond model.  
Starting from these premises, the objectives of this research were to identify the 
essential factors which influence the biotechnological behavior and the viability of  probiotic 
cultures of Lactobacillus acidophilus (LA-5®) and Lactobacillus paracasei subsp. paracasei 
(L. casei 431®) in multiple cultures, in the conditions specific for dairy products fermented 
with mesophilic culture Flora Danica and to optimize the viability of these two probiotics in  
the presence of a mesophilic culture used in production of fermented dairy product type 
“Sana”, after 7 days of storage at 4oC, with addition of buckwheat Fagopyrum esculentum  
flour as prebiotic.  
 
MATERIALS AND METHODS 
 
              Cultures of lactic bacteria  
The cultures of lactic bacteria used (supplied by Chr. Hansen, Danemarca in freeze-
dried form), were: cultures of probiotic bacteria: Lactobacillus acidophilus (LA-5®), (1 x 1011 
CFU/g), and Lactobacillus paracasei subsp. paracasei (L. casei 431®) (0.5 x 1011 CFU/g); 
mesophilic aromatic culture Flora Danica which contains: Lactococcus lactis subsp. cremoris, 
Lactococcus lactis subsp. lactis, Leuconostoc mesenteroides subsp. cremoris şi Lactococcus 
lactis subsp. diacetylactis. 
 
Prebiotics  
As prebiotics added for the improvement of viability and functionality of probiotic 
starter cultures were used Fagopyrum esculentum flour and inulin.  
The Fagopyrum esculentum flour was obtained from Fagopyrum esculentum beans 
imported from Moldova Republic, sterilized before with UV radiations at wavelength λ = 254 
nm, for 30 minutes, and milled in aseptic conditions with a grinder (Bosch, Germany) for 15 
minutes.  
The inulin used it was first sterilized with ultraviolet radiations for 30 minutes. 
 
Preparation of the inoculum and the samples 
In the preparation of the inoculum and samples it was used UHT milk produced by 
Prodlacta Braşov with the following nutritional values per 100 mL milk: fat 3.5 g,  
carbohydrates 4.5 g, proteins 2.9 g, saturated fat 0 g, polyunsaturated fat 0 g, cholesterol 0 
mg, sodium 0 mg, fiber 0 g, sugars 0 g. 
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In order to be homogeneous, the inoculum was prepared separately for each culture. 
The cultures were weighted separately and aseptically at the analytical weighting scale (XS 
403 SM, Metter Toledo) in sterile Erlenmeyer glasses and on top of them it was added a 
known volume of milk. After homogenization, the inoculum of each culture was incubated for 
15 minutes at 37oC for reactivation.  
The preparation of samples consisted in the distribution of different quantities of 
inoculum and prebiotics in sterile Erlenmeyer glasses and then addition of a milk volume till                
100 mL.  
Samples were obtained by combinations of mesophilic culture Flora Danica with 
cultures of bacteria LA-5® and L. casei 431®. The combinations were double culture (Flora 
Danica with LA-5® and Flora Danica with L. casei 431®) or in multiple culture (Flora Danica 
with LA-5® and L. casei 431®).  The start inoculum was 8 log CFU/mL for probiotic cultures 
and 6 log CFU for Flora Danica culture. 
The obtained samples were incubated at different temperatures till a pH of 4.6, and 
this was monitored hour by hour with help of portable pH-meter (Portamess® 911, 
Switzerland). After fermentation, the samples were kept at 4oC for 7 days.  
The probiotics viability was determined at the end of fermentation and after 7 days 
of storage at 4oC. 
 
Counting of probiotic bacteria 
Counting of probiotics LA-5® and L. casei 431® was realized by indirect counting 
method in MRS agar, by preparation of decimal dilutions in peptonated water 0.1% (g/v) 
(ISO 8261 IDF122:2001). 
The media for cultivation of probiotic LA-5® was MRS agar (Merck) supplemented 
with clindamicin (Sigma) and ciprofloxacin (Bayer) (BS ISO 20128:2006). The solutions 
stocks of clindamicin and ciprofloxacin were prepared by dissolving 2 mg and, respectively, 
20 mg of antibiotics in 10 mL distillated water for each of them.  
Solutions were sterilized by filtration. They were added and homogenized in 
tempered MRS agar, before to be used, in concentrations established in accordance with the 
cultures combinations. Plates were incubated in anaerobic conditions in anaerostat (Merck) by 
using of a reactive for creation of anaerobiosis - type Anaerocult® (Merck), for 48 h, at 37°C.  
Cultivation of probiotic L. casei 431® in combination with Flora Danica was also 
realized in MRS agar, without antibiotic, in anaerobic conditions at 37oC, for 3 days. L. 
casei 431® from the multiple combination with Flora Danica and LA-5® was identified and 
observed by cultivation in MRS agar, without antibiotic, in anaerobic conditions at 37oC, for 
3 days.  
Inoculations from the successive dilutions were realized in doubled Petri plates. For 
counting were used Petri plates with a number of colonies between 15 and 300. The results 
were reported as units forming colonies per milliliter (CFU/mL) of fermented product. The 
date obtained during researches represents the average of three different experiments 
realized in duplicate.  
 
Statistical analysis  
In order to select the significant factors with influence on biotechnological behavior 
and on viability of probiotics in multiple cultures, it was used the Plackett-Burman technique, 
using the Design-Expert® 8.0 software.  
The optimization performing through the Plakett-Burman technique is composed by 
two experimental statistic stages. First stage is composed of a serial of 8 experiments in which 
varies factors with effects on the process, with the help of the statistic soft identifying 3 
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significant factors. The second stage represents a series of 20 experiments in which are 
changed the three significant factors, but in a larger domain. The bi-factorial Plakett–Burman 
model used in the first stage made possible the selection of the significant factors from a 
number of process variables, this model being useful enough in the preliminary studies in 
which the main objective was to select variables which could be fixed or eliminated in the 
further process optimization. 
All the experiments were done in triplicate and the data presented here represents the 
mean of these replicates. Data related to the CFU were subjected to analysis of variance (one 
way ANOVA) in Duncan multiple range test using SPSS (version 10) statistical software. The 
differences with P < 0.05 were considered significant. 
 
RESULTS AND DISCUTIONS 
 
In this study it was evaluated the behavior of probiotic cultures Lactobacillus 
acidophilus (LA-5®) and Lactobacillus paracasei subsp. paracasei (L. casei 431®) in double 
or multiple combinations with the mesophilic culture Flora Danica.  
For the selection of important variables in probiotic bacteria viability in fermented 
dairy products were analyzed factors which interfere in the production process, like: inoculum 
size, temperature, pH at which is stopped fermentation process and 2 factors with prebiotic 
effect, like inulin and Fagopyrum esculentum flour.  
For running the Plackett-Burman model in the Design-Expert® 8.0 program were 
included 7 parameters: inoculum  size, ration between  probiotic culture/mesophilic culture 
Flora Danica, ration between  probiotic culture LA-5®/L. casei 431®, temperature of 
fermentation, pH at which is stopped fermentation process, concentration of added prebiotics, 
inulin and  Fagopyrum esculentum flour. With the seven parameters, through the orthogonal 
statistic experimental Plackett-Burman model (k=7, N=7+1; k-number of variables, N-number 
of experiments) it was generated a matrix for 8 experiments. 
Choosing the variation limits for the parameter fermentation temperature between 30 
oC and 37oC is explained by the fact that in process were used mesophilic cultures, and the 
interactions between these cultures take place in this temperature domain. 
Variation of ratio between the probiotic cultures LA-5® and L. casei 431® and 
mesophilic culture Flora Danica was established between the values of 0.5 and 1.5. 
Mesophilic culture Flora Danica initiates fermentation produces flavours and exo-
polisaharides, contributing at the gel texture of the product. Sandholm et al., 2002 mentioned 
that strains from this culture supply amino acids by milk hydrolysis, easy accessible for 
probiotic cultures. 
In agreement with the matrix generated by the Plackett-Burman model, were 
established the variations for the seven parameters with the influence more or less significant 
in viability of probiotics LA-5® and L. casei 431® in multiple cultures with mesophilic culture 
Flora Danica, respectively the eight experimental variants. 
The response for analyzed seven parameters was evaluated by the probiotics 
counting at the end of fermentation and after 7 days storage at 4oC (Table 1). By ANOVA 
analysis were established the variables which presented significant statistic effect. The factors 
which present values of the index P < 0.05 were considered to have significant effect on the 
responses.    
Pareto diagrams in which the factors with positive effect (highlighted with orange 
color). may be observed, respectively, their influence degree on the viability of the two 
probotics LA-5® and L. casei 431®, after fermentation and after storage 7 days at 4oC, are 
presented in Figs 1÷4.  
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Tab.1. 
Viability of the two probiotics at the end of fermentation and after 7 days storage at 4oC 
 
Count of probiotic bacteria, log CFU/mL 
LA-5® L. casei 431® Number 
experiment after 
fermentation 
after storage 7 
days at 4oC 
after 
fermentation 
after storage 7 days 
at 4oC 
1 10.16 9.33 10.33 9.96 
2 9.15 9.06 8.95 9.19 
3 8.91 7.65 8.86 8.94 
4 8.69 7.74 8.77 8.53 
5 9.74 9.10 9.84 9.86 
6 9.01 8.38 8.97 8.96 
7 9.81 9.02 9.74 9.57 
8 10.38 9.19 10.33 10.14 
 
Analyzing the diagrams with the factors which had positive influence in viability of 
probiotics after fermentation, it can be observed that the inoculum size, the 
probiotics/mesophilic culture Flora Danica ratio and the addition of Fagopyrum esculentum  
flour are  factors with positive effect on  probiotics metabolic activity and viability, even if the 
degree of influence was different (Fig. 1 and Fig. 2).  
 
 
Fig.1. Influence of studied factors on viability of LA-5® after fermentation 
Variables with positive effect: A-inoculum size; B- probiotic culture/mesophilic culture Flora Danica 
ratio; D- temperature of fermentation; G-addition of Fagopyrum esculentum flour as prebiotic 
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Fig. 2.The effect of independent variables on the viability of L. casei 431® preservation during storage  
Variables with positive effect: A-inoculum size; B- probiotic culture/mesophilic culture Flora Danica 
ratio; E – pH level at final fermentation step ; G-addition of Fagopyrum esculentum flour as prebiotic 
 
 
 
Fig. 3. The influence of the studied factors on the viability of LA-5® cultures after 7 days storage at 4oC 
Variables with positive effect:  A-inoculum size; B - probiotics LA-5®/L. casei 431® ratio; D- 
temperature of fermentation; G - addition of Fagopyrum esculentum flour as prebiotic 
 
From the diagrams presented in Fig. 3 and Fig. 4, we can conclude that the most 
significant common factors for both probiotic cultures which positively influenced the 
viability after 7 days storage at 4oC are: the inoculum size, temperature of fermentation and 
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addition of Fagopyrum esculentum flour, positive factor for LA-5® strain being still also the 
ratio between the two probiotics. The temperature fermentation and the adition of 3.63% of 
Fagopyrum esculentum flour also positively influenced the viability of LA-5® strain in a 
percentage of 23% comparing with control sample. 
For the culture L. casei 431® strain the most important factors with positive effect are 
the temperature of fermentation , with increase in vitro metabolic behavior of probiotic 
culture with 9.35%  and 3.63%, comparing with control sample.  
 
 
Fig. 4. Degree of influence of variables on viability of L. casei 431® after 7 days storage at 4oC 
Variables with positive effect:  A - size of inoculum; D- temperature of fermentation;                                
G - addition of Fagopyrum esculentum flour as prebiotic 
 
From Fig. 5 and Fig. 6 it can see the survival of the two probiotics was influenced by 
inoculum size, pH at which was stopped the fermentation and the addition prebiotics, inulin 
and Fagopyrum esculentum flour. 
If for the probiotic LA-5®, the inoculum size and prebiotics influenced positively the 
survival, for L. casei 431® the positive effect had the inoculum size, ration  between 
probiotics and pH value at which was stopped the fermentation. 
Even if it is not significant from the statistic point, the relevance of these factors 
could be explained following more issues. Thus, Fagopyrum esculentum flour influences 
positively probiotics by supplying of biologic active compounds easy metabolized by the 
probiotic cells. For the probiotic L. casei 431®, another factor with positive effect, which 
influenced its viability, was the report between the two probiotics. These results confirm that 
the dominance of the L. casei 431® cells in probiotic product could lead to a domination of the 
product microbiota through competitive mechanisms, respectively by synthesis of metabolites 
favorable for the growing and viability of this probiotic. The positive influence of the pH 
value at which is stopped fermentation on the viability of L. casei 431® may be explained by 
the fact that this culture is easy tolerant for acid environment.  
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Fig. 5. The effect of studied factors on survival of probiotic LA-5® strain, in multiple cultures  
Variables with positive effect:  A - size of inoculum; F-addition of inulin; G-addition of Fagopyrum 
esculentum flour 
 
 
 
Fig. 6. The influence of studied factors on survival of L. casei 431® culture, in multiple cultures 
during fermented product storage (7 days at 4oC) 
Variables with positive effect:  A - size of inoculum; C probiotic cultures LA-5®/L. casei 431® ratio;                    
E-pH at final of fermentative step  
 
CONCLUSIONS 
 
The multiplication ability and viability durind fermented product storage of two 
commercial Christian Hansen probiotic cultures LA-5® and L. casei 431®  in multiple cultures 
were studies, in order to establish the factors (independent variables) with influence on starter 
cultures behavior and their stability during fermented products. 
 The studied factors were the inoculum size,  the temperature of fermentation,  the 
pH value at the stop of the fermentation,  the ration between probiotic culture and Flora 
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Danica mesophilic culture, the ratio between probiotic cultures LA-5® and L. casei 431® and 
the adition of inulin and Fagopyrum esculentum flour as prebiotics. 
Based on statistical analysis using Plackett Burman design model and ANOVA 
statistical analysis, the influence of inoculum size, temperature of fermentation, ratio between 
probiotic cultures and Flora Danica culture and Fagopyrum esculentum flour concentration 
were establish to be most important factors with influence on probiotics multiplication ability. 
The inoculum size, temperature of fermentation and the addition of Fagopyrum esculentum 
flour are the most important factors with influence on probiotics survival. Using the 
Fagopyrum esculentum flour as prebiotic to obtain probiotic mesophilic fermented milk 
products stimulate metabolic activity of Lactobacillus acidophilus and Lactobacillus casei 
probiotic strains in mixed cultures with Flora Danica. 
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